In recent years the Scalar Field Dark Matter (SFDM), also called ultralight bosonic dark matter, has received considerable attention due to the number of problems it might help to solve. Among these we find the cusp-core problem and the abundance of small structures of the standard Cold Dark Matter (CDM) model. In this letter we show that mixed state solutions of the low energy and weak gravitational field limit of field equations, interpreted as galactic halo density profiles, could explain the anisotropic concentration of satellite galaxies observed in the Milky Way, M31 and Centaurus A, where satellites seem to concentrate more towards the poles of the galaxies instead of following randomly distributed trajectories. For this we assume a mixed state configuration containing the monopolar and the first dipolar contributions.
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The standard model of cosmology ΛCDM assumes dark matter is made of particles that interact only gravitationally. The advances on the knowledge of structure formation at large scales, the distribution of dark matter and its comparison with the observed distribution of structures are in great degree due to CDM simulations [1] [2] [3] . These simulations reveal that a bottom-up hierarchical structure formation model holds and that galactic and cluster structures clump to end with a self-similar shape [1, 4] .
However, there are observations that are still puzzling to understand in the CDM model [5] . These include the well-known cusp-core problem [6] and the excess of substructure abundance [7, 8] . More recently, it has been suggested that satellite galaxies around the Milky Way (MW) accumulate near the galactic poles in the Vast Polar Structure (VPOS) [9] (see also Fig. 6 in [10] ). The motion of satellite galaxies around M31 also seems to be far from isotropic [11, 12] . In contrast, CDM simulations predict that satellite hosted by the Milky Way rarely display the observed coherence of satellite positions and orbits [13] .
Among the 50 satellites in the Local Group, 43 are contained in four different planes [10, 14] , which is inconsistent with the isotroty predicted by simulations based on CDM. Some possible explanations within the CDM frame are still plausible. For instance, that there are more satellites outside of the VPOS that are still too faint to be detected. Other possibilities to explain the plane of satellites is that interactions between gas and radiation might affect the isotropy of the final distribution of satellites; or that the Milky Way and M31 are atypical galaxies in which this unexpected coherent distribution of dwarfs happens. According to [15] , if the orbits of satellite galaxies in the VPOS are integrated backwards in time they should disperse away, which would suggest that the VOPS is unstable and the anisotropic satellite distribution is temporary. Nevertheless, recently it has been reported that a set of 31 satellites in the constellation of Centaurus interacts gravitationally with the elliptic galaxy Centaurus A and displays a similar anisotropic alignment [16] . The probability of finding such anisotropic satellite distribution in CDM simulations is less than 0.5% [16] . Moreover, considering the fact that there are now three galaxies (Cen A, Milky Way and M31) of at least two different types, all displaying this anisotropy, suggests perhaps the need of a different origin to the anisotropic satellite distributions.
One possible mechanism to drive break the isotropy of satellites could come from the scalar field dark matter (SFDM) model. This alternative model to CDM started at the end of the last century (see for example [17, 18] ). The first systematic study of this model began in [19] , since then, this same model has appeared under various names, like Fuzzy Dark Matter [20] , Quintessential Dark Matter [21] , Wave Dark Matter [22] and more recently as ultra-light Dark Matter [23] . The main idea of the model assumes the dark matter is an ultralight spin-0 arXiv:1912.09660v1 [astro-ph.GA] 20 Dec 2019 boson such that its associated de Broglie wavelength will be of galactic scales, leading to quantum-like phenomena at the scale of galaxies and larger. The first time the cosmology of this model was analysed was in [24] , here the ultralight mass of the boson in the SFDM model was established to be of order µ ∼ 10 −22 eV/c 2 . With this mass, the model mimics the behavior of ΛCDM model at cosmological scales, having the same mass power spectrum and the CMB spectrum as in ΛCDM [24, 25] .
The first essential difference with ΛCDM was that the SFDM model has a natural cut-off of the mass power spectrum at small scales, which would be more consistent with the estimated amount of satellites unlike ΛCDM which predicts a higher power at those scales [24] . The SFDM model could also provide an alternative explanation to the formation of super massive black holes at high redshift [26] . Another main difference is the central density distribution in SFDM halos. As shown in previous works [27] [28] [29] [30] , SFDM halos have inner flat density profiles (cores) instead of cuspy density profiles as in ΛCDM. Later on, in [31] numerical simulations with gas containing a SFDM halo show appropriate rotation curves for LSB galaxies, in [32] the spiral arms were generated resembling real galaxies and [33] show that dwarf spheroidal galaxies are also well modelled. Recent cosmological simulations of the first galaxies in SFDM [34, 35] reveal early-forming cores in the dark matter, gas and stellar components.
In the present letter, we explore the possibility of higher energy configurations of the scalar field mixed with the ground state. As the universe expands, the SFDM cools down homogeneously, i.e., the bosons forming the SFDM go to the ground state. Nevertheless, primordial fluctuations provoke that the SFDM collides until the condensation appears, forming Bose-Einstein condensates in gravitational equilibrium which would form halos of galaxies. This collapse naturally causes a decrease of the local volume containing the SFDM, thus the temperature of the bosons forming the SFDM halos increases. This implies that some of the bosons go to the excited states and others remain in the ground state, this leads to the possibility of halos in mixed energy configurations which we will consider in this work. If a halo is described by a mixed configuration of scalar field states, there could be a preferential direction where the mass concentration is higher, which could influence trajectories of structures within the halo and produce an anisotropic distribution of mass, which could eventually explain the coherent motion of satellite galaxies in the MW, Andromeda and Centaurus A. It has been argued that the probability that the CDM paradigm explains the satellites behaviour in simulations is less than 0.5% [9] , but now we know at least three galaxies (the first three we observe, in fact) with this behaviour. In the present work, we study the trajectories of test particles orbiting an axially symmetric SFDM configuration, which are found to be long-living, revealing that the anisotropy in the orbits emerges as discussed above, without fine tuning or exotic explanations, the anisotropy being completely a natural consequence of the mass distribution of the configuration.
The bosonic nature of this candidate allows the Bose-Einstein condensation with a critical temperature of order T c ∼ 1/µ 5/3 ∼TeV for the typical ultralight value of µ ∼ 10 −22 eV/c 2 . Structure formation simulations under this paradigm confirm that at large scales the behavior is equivalent to that of CDM while small scale structures are suppressed, as shown theoretically based on cosmological perturbation theory [24] . Surviving structures show the expected central density cores [36] [37] [38] resulting from the Heisenberg uncertainty principle preventing cusps at galactic scales.
We show that the quantum-like properties of the scalar field model could offer a novel explanation to the anisotropic distribution of satellites in a halo which could source the observed satellite planes in the MW, M31 and Cen A.
The model. In order to explain the anisotropic distribution of satellites we first assume the gravitational potential of the host-galaxy halo is dominated by dark matter, whereas satellites are assumed to behave as test particles orbiting around the halo. Second, we assume the low energy and weak field regimes to hold, which is valid in the galactic scale regime. Third, under these conditions the resulting scalar field is the order parameter of the Gross-Pitaevskii-Poisson system that rules the dynamics of a condensate of bosons in coherent states Ψ nlm [39] 
(1) where µ is the boson mass. We search for stationary solutions of mixed state wave functions of this system of equations. For this we assume the wave function has the following shape in spherical coordinates
where γ nlm is an eigen-frequency obtained from a well posed eigenvalue problem as described in [39] , where m = 1, 2, ..., l = 1, 2, ..., n − 1 and m = −1, −l + 1, ..., l − 1, l. We find stationary solutions with the spherical and first dipolar contributions that resemble the atom like structure first envisioned in [40] . That is, we solve for the combination of states Ψ 100 together with Ψ 210 . In Fig.  1 we show the projected density profile of this axially symmetric mixed state, the simulated configuration has a mass ratio between states M 100 /M 210 = 0.78.
Trajectories of test particles. The motion of dwarf galaxies is assumed to follow trajectories of test particles within the gravitational potential V that is solution of Eq. (1) for the mixed-state host halo. The trajectory equations areρ with l = ρ 2φ the angular momentum per unit mass, which is a constant of motion. We then integrate numerically in time equations (3) assuming ρ = ρ(t) and z = z(t), with the parameter of the orbit lµ/c = 10 −1 . In order to show that the mixed state configuration makes the satellites distribution inhomogeneous and anisotropic we place an initial distribution of 50 test particles with random positions inside a sphere of dimensionless radius R = 2 with the initial conditionsρ(0) =ż(0) = 0. They start to orbit around the atom-like halo in a large variety of non-closed and not necessarily elliptical-like orbits. After several orbital periods the test particle distribution stops being isotropically distributed and particles cluster along the polar axis as shown in Fig. 2 . Notably, this behavior is also followed by particles that started in orbits close to the z = 0 plane.
The resulting test particle distribution is in contrast with the case of CDM simulations where the particles off the galaxy plane stay randomly distributed in the halo, in our atom-like halo, most of the particles redistribute in the zone close to θ = π/6 and θ = 5π/6. This is due to the angular dependence of the dipolar contribution to the mixed state solution, giving the projected peanut-like shape in Fig. 2 .
We have shown that trajectories of test particles prefer planes out of the equatorial plane, we have checked that this happens for a number of initial conditions for the test particles. We now show this multistate configuration is long-living. For this we solve the fully time-dependent equations (1) with initial condition corresponding to the FIG. 2. Top: 50 test particles with initially random positions and initial conditionsρ(0) =ż(0) = 0 inside a sphere of dimensionless radius R = 2. The projected total halo density is shown (overexposed in color) to identify the extent of the dark matter distribution. Bottom: After evolving the system the particles end in a distribution out of the galaxy plane (z = 0 plane) and cluster along the polar axis (z axis). This behaviour is observed independently of the projected plane, the initial trajectories are modified by the background SFDM halo potential to end preferentially within the peanut-shape halo region. stationary solution found by solving the eigenvalue problem for (2) using a multistate generalization of the full 3-D code that solves the Gross-Pitaevskii-Poisson system [41] . It is found that this configuration oscillates around a virialized state and is long-lived. In Fig. 3 we show the Fourier Transform of the maximum of the individual wave functions Ψ 100 and Ψ 210 that define our halo. The peak frequencies indicate the evolution is consistent with the frequencies found by solving the stationary configuration. We also show the density of the two states oscillate without being destroyed.
Our results show that the quantum character of the SFDM model allows the construction of halo configurations that resemble an atom-like structure. In this configuration particles close enough to the center are influenced by the spherical component, whereas particles far from the center are influenced by the dipolar distribution that determine the redistribution of test particle trajectories, deviating from the initial isotropic distribution.
Since these configurations naturally break the isotropy of the orbiting satellites, it could provide an explanation of the accumulation of trajectories on particular planes in systems like our Milky Way. The explanation of this distribution has been a great challenge for other dark mat-
Top: Fourier transform of the maximum of the real part of the ground state Ψ100 and excited state Ψ210. The peaks appear near the eigen-frequencies γ100 = 1.8 and γ210 = 1.42, which confirms the wave functions oscillate with the eigenfrequency throughout the evolution. Bottom: Time evolution of the individual densities of each state |Ψ100| 2 and |Ψ210| 2 , which are due to the truncation error intrinsic to the construction of axis-symmetric equilibrium configurations. The time window for the Fourier Transform and the various snapshots contains more than 200 cycles of the wave function. The facts that Ψ100 and Ψ210 oscillate with the appropriate frequency and that the density does not show a runaway behavior together, are a good indication of stability of this type of configuration.
ter models. However, it remains to be seen if this type of solutions yields the right orientation and co-rotating velocities for the observed satellites in the MW, M31 and CenA. Additionally, it is unclear whether stellar disks can form in this kind of halos and if their properties could be consistent with observations. Depending on the orientation of the dipole contribution and the galaxy plane, the dipole could also have an observable impact on the gas, for instance, it could warp the outermost gas on the disk plane, while near the higher density concentration along the axis of the dipole the tidal stripping induced to passing gaseous or stellar structures would be larger.
In summary, we have discussed how mixed state scalar field configuration induces anisotropy on orbiting test particles, which is a motivation for a deeper study of the parameter space of such configurations and its consistency with cosmological simulations that can provide insight on how likely these configurations can be formed in the cosmos. 
